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_INTRODUCTION I [

/7/ ’ A1l of us here are concerned with reading, but there's been a division

of%{labor. Our task Is to fpcus on Qhatﬁpsychologists know about the recog-

. . . ) T
nition of words, and see what this suggests about the teaching of reading.

Right away there are problems. “For onk, constraints of time and space make

it impossible for us to provide an.exéensive sd:mary of the expericzental

» 3

and theoretical literature 6@ word refognition. So we will be selective

!

-

%y our review of this literature, coZ:éntrating where possible on issues ,

i
~~that may have soge relevance to inst

ctional concerns.

This brings us to our second problen. Since the research literature

e e - P 4

|

on uord recognition 1s mainly concerned with adult skilled readers, how can

wve relate these findings-to beginn#ng reade's’ For exanple, suppose the

adult lite:acure tells us that skiiled readers do not need to coavert

vritten wvords into speech in order|to recognize then; does it follow that

children should be digcouraged fr

using such conversions when leaming m@

read? Not necessarily. Perhaps donverting words to some sort of speech cgde

>

» -é : ' R : ‘ )
is a necessafg‘firs: step in the developzental path that culminates in fluent

i

reading vitbout conversion to sp
wvhile we may have some 1dea of v

the fogpiest notion of how to ge

.

ch. The Probleu, in a nutshell, is that

t skilled reading looks like, we haven't

-

there. Without this'requieite dévelopmen-

tal knowledpe, it's simply iupos iible to draw strong inpplications about ‘read-

i{ng ingstruction from the regearc

+ utider these circumstances is 1

on adult word perceptién. The best we can do

at the adult literatute for hints on what

wr
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needs to be taught. After all, even though we don' t know how to 'get to .
< - 3y Y .
skilled reading, it's got.to ,be a help to know where ve're going. Some of

R ! .
you may th.ink this an awfully precarious strategy, but may we remind you of

Lyndon Johnson's finest line, "I'm the only President you've ‘got.” let's

-

see then what we can do with what .we've got.

II. AN TNPORMATION PROCESSING APPROACH TO RH.DH»G

-

A. Hetatheoretical Consiaerations :

- , »
The research-on adult word recognitionis dominated by one approach,

called infor—ation processing. The geceral idea is that ‘mental abilittes,

like reading, can best be understood as an -integrated composite of primitive

. nen:zl operat’ions.’ This approach ie.someti:::ea cont}'asted with the view that
eading is a wholisfic activity that cannot be ‘divided into componen:

processes. This business of parts vs. wvholes comes up in redd instruction _‘-.
as well, and we are clearly on the side of the parts people. ‘rhar. is, e
belicve -:har. training on mdxvidual cocponent procesges of teading is feas-
;ble, and‘ that at'kast’sou read_ing proh'lems Bay, due to woblens in a
.peciﬁc component process.

An mfomation proeessing analysis en}éils more r.hatn dividing a uental

ability into component parts. This kind~ of anqusis starts by likening
mental processing to a conpu;dtiond. ysten, and then endcavots to spell ‘out
the exact sequence of comnnta:iona wechanisas involved in executing a com=

plex abiliry. Itfasks not only t components are invol\ed but also how tbey
-.:l gequenced and integrated go as to pr‘&dnce- theloutput .(reading) ve are

i.ntu‘ut!d in: This approagh t.herefore differs i:n a fundanenr.a uay £rom

‘the use of factor auIyt technique' to divide a mul abilir.y 1nto conponen.t

processes. Factor an t:Lc techn:lquu do mot tell us how the conponent parts .
v . V]

. - . L
. 7 . , .
. * -
N ) .
. r

® - : .
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v .
are sequenced and integrated, w

to do so.

— =~

some constfaints onr.what can cfunt as a compoment. The componepts that

acerned with tend to be thcse that have wide &

.~

4nformation processors are

. N ‘ -
applicability in a multitude of skills, and that can be realized (at least

An principle) oa real :achines. ‘Soze eia:ples would be comparing two chynks

of {inforzation to deter—iue if they :atch or replacirg one kind of syubol

with another. Inlor:ation pvoceqqino nodels abound with such ?rinitive

+

conpon;nts. and nuzmerous experiments hzve attempted to study these coo=
ponmts in isolation.

~

The relevahce of all this is that we think an information processing
sanalysis is the best one arouad for conceptualizing reading. " Qur main reason
fot 2h1n‘ing so stems ftoa a conSideration of causality. “Take an example
involying eye movements. Aay analysis of reading into sabskills might hit
upon brief eye fixatious as a conyonent of fluld readin; this could lead
educators to, try to ipprove reauxng skills by trainingsstudents to have brief
¢yc fixations while readiag. The foll, of this steus‘from the lack of coancerm
lbou: the causal status of eye fixations in skillc¢ reading. The duration
of a tlxation has long been known to be partly deteg:ined by how long it
takes the reader to extract and 1ntcrpret the igput information (e.g.»
Tinker, 1958). Cutting down the time allowed f;r these processes is unlikely
to help tnyone‘uho is slow on these processcb ;o begin with. This does not
lefn that the study\of eye movepents per se is;useless for analyziog reading;"
rather, eye novements themselves must be stud%ed vithin the context of an®

inforlation processing analysis (see Shebilské 1975, for a nice example

v

r . ‘«,"‘,'\,rl\',\ o~
e .
-

-




L roadi.n'g,' anﬂ that ngost of the empirical work we'will di.scuss used college
. ° ‘ -* ‘ - .

nodel of reading " Models of this type, when' fully developed should ‘give P

- ) ’ ) [P K : .
N ~ / . .
. T C : . o170
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.. of this) “Our next step, 'then, .is an. outline of an information processing : . .

. - .
. . Vd

us' good ideas as to the tasks on wuxch trainiag will transfer to reading. .

’ -

)

-« A, A Partial Model of Skilled Readinz

14

oY ‘l'bere are nu:z.:erous mfo-'nac;on processinb sodels 92' reading T

.

around (see, e.nF, Massard, 1975)’rbut none of these are perfecr.ly suited

L J
for our vpdrposes. We need a rather general zodel so we can remain vpen
v PR - . ¥ )
on the critical substantive issues. Pigure l contains such a proposal.
/ . -~ _ . . - - .

v N R . . .

Irzsert Fiéure 1' abput here

1]

‘ The model, derived from Kleinan. (1975) is not intended as a co-.aplete

dmription of %eading. .R.ather tt consists of so-e of he compouen: processes .

L 4

that mist be ingluded in any informatfion processing explanation of reading.

¢ We wuill uention soze of the missing, co'"ponents as we go along. What the model is

L}

supposed to do is: (a{ provide a means of organiziﬂg sone of what we know

about skilled readxng, (b) grve us a way of raising critical questjons about

P

reading and ke :lt possible {o draw some distinctions among possible ansuers
. A \ . O~

to these questions; 'and (c) forée us to think about spacific issues in word

recognition in the context, of reading as-a‘'whole. (I what f0110‘-‘8. it 13

-

important {; nor.e r.hat this is a nodel o?;kﬂlcd, i. Cey college-level,

-

-

chdenu as subjects) ' - ) ..

’ -

1nput to the nodel is urttten text. We know that the eyes mke con-

tact vith the text 1n successive fixat:lons Hovever, to keep things- from

~

ptting too eo-plex, we 91,11 ighore eye movements ‘and fmr.:lpn span. We

- winl cilply/u;l'l'mu that.'the-eyes are aluays in- position to provide a ‘visyal ‘

. .
. o
v R . . .
s . . .
. .
. * ~4 6
- >7.
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‘ ' pattern vhich serves as the’input to-the first etage id pur mode'l. ’
‘ ‘ * " The figst proc-*s; i“ao-._s gctti'x" a descrmtiow of the input. In line
;rith aloost all 'rccaa: work on this‘ is-ue, we acsume this de-xcrllpt'.?n is in
. ‘terms ofidist{Pcéivevfeatu:es, though there must also be soame mention of the °
sgtuct&fél relatiops eetueen feaCureé (see, e.g., Reedy 1975). The exact
;ature of the features involved eeméins an open question. Cleaflf sone
" features :ill'distia;uish'bc:ween,leccers} likc.tﬁe.hqrizontal line that
discriminates G fram C; other .fe'at;.uses 'may x.:e:r.aj.n to letter groups or, spell-
-1ng patterng, like the inier-lefzer'spacing that—ézﬁtin”uishes th from sh;
N still other feat.u:es (nay be characteristic of whole vords, like the leng :h
of a word or ‘the pattern of ascending .and descending letters.within 1:. W‘nile
*1 . _this issue of, features is cleatly of foundational importance to reading, ve, -
. ‘ have little new to say abouc ic, and ve vill not’ pursue it further.
] Bext thef reader must interpret the featural infomation. .A featyral
description can be said. to be interpreted when it has been m.atc:hecll or a?signed '
:o some stored category. That is, we think of the reader as walking’ around
with a _éet of pre-existeat categories, corres;pondlng to di..ffereqt ietpers.‘
dif.fetent spelling pattem,' diffeéent. syllables,.and di. erent wdrds. ‘Si.nce
- : ’ several 1ev§ils of categerization are possible, a er'ucia‘l‘tq‘uestion arises?
What iskthe usul'leve}. of intcrp::e‘catién‘for s‘tilled readers~mdfvidual ..
letters, spellmg patterns, syllables, or vords? Or to yse the teminology )

of Su.lth and Spoehr (1974), what 1is the functional unit of mte:pretation?

11:13 Qtnestion seems petentially relevant to readmg lnsj‘:rucvtipn, for problems
. \ in reading could be associated with lnappropria‘e urfits’ qf ;ntcrprctation.
Later we shall treat this unit’Guestion and related issues at length.

. _ . The next stage in our médel is Lexical Access. ‘The lexicon is like an
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" The sounds of wl:xds, rather than the orthography. This would require T .

. 3
a conversion to a speech code\ before lexical access could occur, and

therefore an additonal stage would be needed in our model. We will

’ . : Yoo o !
return to the nature of lexical indices,in'a later settion.

- ~

Returning to Figure 1, the reader is now up to the stage of Working

Memory. This includds all the processing mechanisas the tegdet needs .

’ . {N
to compretend a sectence oace 'he has the requisite syntactic and sezantic

inforration about individual words. But why do we call it Working Memory?
Because we-believe thése cozprenension procedures are carried out in a linited-~
~N

-

capacity system that both perforns cozputations and stores material on a

'temporary basis (see Baddeley & Hitch, 1974). Clearly some sort of temporary '
- . .

L)

storage is i:equited. For exazple, in comprehending a sentence like The boy -

’

; vho has red hair and doesn't like school went fishinz, the reader must store .

thg noun phrase thé boy while processing the relative clause, and then hook

—~—

6p the stc;ted'noun pbrase with the action described in the verb phrase went N

fishing. ' ™

[

'As fo‘r the ptc;cesses involved im this stage, there must be at l_e’ast
tnio_differt types. I-’its.t_,“ve need syntactically-ba;ed parsing operations
that dividg a sentence in.to its grammatical cqastituents. We have in wmind
something like 2 standard phrase-structure analysis. These parsing opera-
tinl;s are also useful m‘detemining the function of each \constqitue'nt.
either a grammatical function like subject and object, or a more semantically-

-

\» based funétion like aéent and recipieat. It is these pirsing operations that

allow the reader to comprehend the difference between The dog bit the man

and The man bit the dog, ‘as well as the 8imilarity between The dog bit the man -

and The man wvas bitten by thecdog. Second, we need semantically-based pro- ‘

cesses that allow, the reader to combine the neaning¥ of 1pd1v1;1ua1 words

y . . ) .
EIK‘[C ] into larger meaning units like ‘clauses and sentences. These combinatorial

8‘ o | .




that the proper ohe can be located efficiently.

" words. ia a3 real

'

dictionary) then individual lette:§ must be the output of the Iﬁterpretation :

" the output of Interpretation.

: : . . C173 - '

Lexical

n

internal dictionary that stores information about individual words,

A,

.

) . . . - - . - L \ .
access is simply the retrieval from memcry of this irnformation. As shqwn
‘0

we divide each lexicual entry into two parts, the lexical index
{)) .

in Figure 1,

-~

and the. lexical inforzatica. 7T

E < ' i .
to occur, and consejuently these indices must be\organized in some way so

.indcx must be \located for lewxical access

(This is analogous to the

*

being organized alphabetically.) The index leads

L .
dicticnary 2

to the lexical 1nformat10n which conszsts of both- synt;ctzc and semantic

informatidn. (

* N . N
There are a couple of critical questions that arise in relatibn -

to the Lexical chiis stagé, Oune is, what{;; the nature of semantic

. : N .
representations in the lexicon? This question is clearly relevant to .

‘ listening as well as reading, and conseauently we will not dwell cn this

" 4ssue herg. (See Clark & Clark, in press, and Smith, 1976, for réé;dt
. , . ’

revieQVOE this issde.) ..

Another important question here is: Hhat is the nature of lexical

in?ices and how are they organized? As our model now stands, this is closely

‘tied to the issue of the functional unit of Iaterpretition. .?or exanple, if

the lexicon is organized by the individual letters of eacﬁ word (like a teal

*

P d
.

stage. If the lexicon is organized as a syllabary, then syllables must be -

llowever, we are open to the possibility that

the outpnt of the Interpretation stace doestnot dirvctly provide the input

4

to the Lexical Access stage but riather must undergo some ttansfbrmation first.

?or example, it 'is possible thaﬂ lexical indices are epcctfled in terns of

..
A

- . /

. =
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. ., ’ -
progedures must be capable of seleEting out pa}:ticnlar meanings'of_ words ’ ",

“  4in the context of other words, as when we interpret the container to be '

<

something like a bottle in The container held the drink, but something like

a basket in The coatainer held the apoles (Anderson & Qrtony,_1975). In

.any evént, parsing and cozbinatorial processes together yield a representa-’

. ’ * R
tion of a clause or sentence. This is the output of the Working Meumory

stage. .
' . ’

‘ The questions that arise about this stage form the core of most con-
temporary uork;in psyeholinguistics. Thus psycholinguists are concerned
with the nature of: (a) parsing devices (e.g., strategies as in Bever,
1970, or algorithmg as in Kaplan, 1973); (b)/sem;ntic combination rules (e.;.,
Katz & Fodor,-1963); and (c) the final repreeentati?n of a sentence (e.g.,
" Anderson & Bewer, 1973; Clark & Clark, in press; Norman & Rumelhart, 1975).

Obviously these questions are relevant to listening as well as reading,
. N -, - R .
', and we again plead for a.division of labor as we are primarily interested g .
. . . \
, .

. 1n the initial stages of the readiné model, There is, hdwever, one ques-

. . [ N *
R tion about the Jlorking Memory stage that is relevant to the initial stages. -

-+ . Can the tesult of this stage-a larger meaning nnitf-in some sense feed -

’ ) . ’ .~ - , " <
back to earlier stages of processing? That is, can the Interpretation or

Laxical Access of words be facilitated ‘'by semantic context? This is one

- ¢f the most fascinating issues in current research, and we will later spend

pome tice od it I | . -

.:* . The final stage of the podel integrates the ;enantic representation of

- \\ o A. c;ﬁ““ or ntenceﬂ:?t@»the previous context and with other knowledge stored
‘, g in loaz-iem memory. n:u is presumably the goal of most readiny. Again

' tln issuu hwol.ved are basic to all poycholingulstlc skills (see, e.g., ‘s .

Kintsch & Van.Dijk, 19763 Ruqelhar s 1975), and aglin we will not pursue

Q th-l in this pepef. g . .1()
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Ctﬁﬂgéievant Issues . . . , :
In our discussion of the dodeL we hit upon three critical -

1ssdes.about wnrd rucognitxon'th1t we Lntcnd to dcal with at length., Co

These include: (1) the units of intcrpretation, (2) the nature of

lexical indices, and (3) the possible influencg:oﬁ syntactic and

-
”

semantic context on word recognition. The next three sections deal

with these issues in turn. . C
‘e . Before turning to them, however, there is one more issue'th%t must Be
] © o , - . Vv .

confronted. Our.model characterizes reading as a sequential progression
~ °, -

through various stages of processing. The information starts as features,

is cenverted to'interpreted visual patterns, then to lexical indices,
- g .
© (next to syntactic and semantic representations of-iﬂdividual words, then

© to an integrated semantio representation, and finally becomes part of our

. general std'red knovledgea Such sequential. processing is the way of most

reading models, in fact of 'most infornation processing models in general.
! , .

e But there is an alternative to this. What weé have called Stages can be o«
[}

~~ thought of as various Sources of information about the input,‘énd some of

.
SN
- . - [}

these might operate simultnneously and interactively (as suggested by Norman
S A . . .

! & Bobrow, 1975). Consider an'example., Suppose the reader initially '/

’
- ~

extracts only a few features and forms a tentative interpretation on this
basis. Then'the reader attempts, to acccess the lexicon Qia this tentative

interprctation and ‘simultaneously checks the input information further for

features that would coqfirm his tentative intergretation. Now the stages

[}

of Fe‘tu\e Extraction, Interpretation, and Lexlcal, Access are nll going on

dilqltcneously, furthermore there is .an interactlon betueen the first two’

”&.

.‘ stages sioc® the tentative outcome of Interpretat\ion is dirccting ghe future




. . . . Dy -
* .. course of Feature Extraction. We could complicate this still further by ° . '

\ '

also permitting Lexical Access and semantic representations to be tentative
-~ - ' - -~ v " « ]
) and ‘feedback to earl:‘.er s't,ages. In this way,' we would-eventually arr,ive

. N ) fo ‘ . R i )
at a *situation where'aJ.l stages operate simulataneously and interactively.

§
)

This example es,sentxally modlfies the nodel in Figure 1 by allwing

: : hfomation to flow from hxgher-level st‘azes to lower-level ones.’ Imthe ~°~ ',
+ - . . . ‘ 1 ~
» parlance of co:,puter gcieace, this is known'as, top-dovn protessm,,' while

informatiof flnw from lower to hi‘gher leveb'sis 'EalLed bottom~up prbcessing.
4
Usi.ng thJ.s terminolqgy, the issue we are concemed’w;th is whether reading
toe “~ s .
copsists ent:irely of botté:-up processes, or whether -top~down processes« 3

/

A

also"play role? " This strike's us as. one of the most import’ant questions

that one coulrl raise about skilled reading (Don ‘:oman has been raising it

. ( .
" for years), but wve do not think it can be given a global yes or no ansver.. ». .

-

e
Rather for each stage or source of infomation, ,one nust ask whether spe-.
J

cific hig‘\er-level sources affect :lt. only if the dns'aer is no in each case

(a most unlikely event), can the n%odel in Figure 1 remain unchanged.' This

top-dmm issue will be considered further in the following sectionms.

A}

- s

I1I. UNI’IS OF INTERPRETATIOV AND RELATED ISSUES
In the past 'decade, there, has probably been more experimeutal research

M .

l L ) - the perception of letter strings than on any other topic that relates,

}. _‘ ., .. > to :cadins A good ‘deal of. this research has -dcalt with the effccts of

F,' - \« structural f:u:tors (Iike orthographic reg‘xlarity and’ lexical status) on

i ' . the Pemepzibility of lctter strings. The uajor r'esults that have emerged
:" ' h.a‘u subs:mittally altered the. way psye!mlegiets think about the Interpre- -

| mion stage .of reading. ‘rhese re‘suxt‘s 1nd’lca,te that certain structural =~ . . '

‘L
£ flctorn, once thought to Mluence reading only at later stages, 1nstead
-
P
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l T ‘
have theiy- effect as early as che Interpretation stage In what follows

v

¢ we will first prcsent soze of the findinﬂs of interest, and then consider

- some :heor;eticql explanations. of these results. V(The fo]ﬂowrng literature '
s * . . B ° ’ : i . . [ ] N
review- is quite selective; fqi' fuller'diszussion.s'see':.he recent reviews

4

1. Some backzround. The prgcurcor of ‘thelrecent research on structural .

. - ’ ‘ . r,’ a‘ ¢ y > S L4 4 ’ " *
by Baron, 1976; Henderson, 1976; and Kre_ﬁgex“‘t,_ ) L
A, Critical Findings - ' . - ‘

factors is Reicher's (1§69) rediscovery that aa adult reader kan perceive

L Y

a word more accurately than an unstructuted letter string. - We call it a

rediscm"ery beéauée much the same thing had been demonstrated by ‘Cattell (1886)

mote than eigh-ty years earlier. Cgttm found that when a lecter stang vas
presented r.achis:oscop,ically, subjects could accurately xepor: mpre of the
ntr:l.ng when-i’: formed a ‘i’ord than vhen it consisted bf unrela:ed letters.
. Cattel],however, always re;quired his Subjects to report :be entire item,

nd this mad.;it poSsible that his uol~d\-5uperiori:y effect was really'due to

‘moty or response fac:ors. For example, words ‘'and uns:ruc:ured letter

strifgs may have been equal in thejr perceptibility, but subjects nay have
’ ° b ] v - .

had a biits to report words in those cases where thgy did not extract suffi-

. I

eclent infermation frogm the :fﬂs:oscopic presen:atiOu. To‘mle out such

~
possibilities, smue me:hodological rgfifenents were needed. This is exactly

-

Ulut the Reichdr (1969) study supplied? o
' - I\

In Ieicher s paradigm, a tachistoscopic prcsent tion of a le::er stxing—

beita vo,rd op’a'set of unrelated letters—was immed ely folloyed, by a

~ [ ] »
two~alternatife, forced-choice test of one 4f the letter positions. An —
. . - . - ' S .
41lustration should be helpful. On one trial a subjegt might be pre-
sented the word READ, followed by the alternatives R and H above and below

-~

-

. h;. ‘ .1 ' o '8
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the position of the firét letter; the subject's task wa's to decide which of

“.  the two alternatives had occurred in the stting.' On anothu ttial, a subject ’

>

- wmight be presented 'the unsctucturcd string RDAE, agam follcwed by the altet-

)

natives R and H above and below the pooition of thc first lettcr' -and dgain
-~ tbe subject .would have to decide whxch of the two a].tematives had ‘been
pfesented, 'l'his paradignm, called ptobe recognition, effectively elimina.r.es

'

"« any report bias favo:ing uotds, since when-a word {is ptesented both altema-

tives form words, and vhen a nonwotd is presented both alternatives form

_ nonwords. With this more ptécf.se method'ology,\xeichet was able r:o reproduce

Cattell s superiority of words. Thé, i.mplied that words had an advantage

° over unstructuted nonwords at a very early sﬁﬁe in readmg. A host of

subsequent s:qdies, using comparable paradigms, have documented ‘this basic
effect. Reicher's study was thus important not only for the resuilts it pro-

. duced, but also for the pethodology it introduced. ' We shall not dwell on - ’

methodology in wh.,at follovs, but rest assured that any finding wve 'éresent

has been establiﬁhed (at least once) in a pa%én as pure as Reicher's probe-

-
[

- recognition task.
Finding, tha:’wo:ds-.ate more perceptible than unstructured noanwords was

the,f:l.ru step. The next was to ask whar.' mediated this effect. Was it r,ixgt .

e T T

vords conform to English orthography while unstructured nonuords do not ,

. v

orx. that uords per se have some ptiviledgcd status in the Intetpretaticn stage?

| _ . m and ‘Ihurstone (1973) and Hanelis (1974) wvere amoang the first tc explicity

E - tdsc these issues, and ve now have some idea of the contributions’of orthog-—

) taphy anq Uordncss :I.n the perception of letter st-rlngs.

s} 'f"“ A R ’ hographic effocts. Pc.rhnps the best uay ;o «dmnstrate that -
' ’ eonfomlty to or:lgographlc rules f_acil!tajcs percevtlon ls. to vary the .

- L] -

oo




. & better perceived than irregular ones.

.

17‘9

-
¢

orthographic regularity of nonwor@s and show thit regular nonwords are

In this way we can study orthographic

éffects in iéolntién: For exémple, BLOST qu{;:?q perfectly to oi:hographic
If o

rules, STOBL less so, and TSXBL not at all. rthographic ;egularigy’

: ~ . : ' '
facilitares perception, then BLOST should be perceived the best of the three

. ¥

~

and TSXBL the uorst. .

lunerous-experimencs haie used this strategy, and they consistently
show that ;he perceptibility of a letter.string increases with its ortho-
graphic regularity (e.g., Baron & Thurstone, 1973; Gibson, Pick, Osser, &

Haumond,‘l962;.époehr & Smith, 1975). Furthermore, at least some of these

. siudies have shown that the structure effect was qot mediated by the simple

. ness effect uuchaﬁged.

frequency with which letter groups appear (e.g., Spoehr & Smith 1975)

Cad [ ]

This suggests tbe effec: was due to-the reader's knovledge of orthographic-

itructure.

3. Wordness effect. We now ;ané‘sé consider if any of Reicher's word-

That 4s, are words sore

superiority effect was due to wordnéss per se.
perceptible than.nonqords that are equally étrué;ured, e.g., is BLAST

v

easier to perceive than BLOST? Several experiments has addressed this ques-~
-t STV R =2l .

4, . [ . . N
' tion and the most recen:\mes leave no doubt that words have a perceptyal

advantagc’over comparable uonvords (Juola,. Lcavitt & Choe, 1975; Kroll,.
1976 Manelis, 197&; McClelland, 1976. So wordness joins orthographic
Tegularity on_ our 1ist of factors that can facilitate the perception’ of
That two distinct factors are 1nvolved.has been shown by

letter strings.

I d .
Kroll (1974). She demonstrated that some experimental variables (like

- whether a b;ocﬁ of trials contained items of the same gtructural type or

ao;) affected the magnfitude of the orthographjc effect dbut left the word-
- ] 2 . .

=

15

/
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v and noqwords, Reicher s (1969) origmal report also Tontained another inter-

better perceived “than individual lctters. Thts

- ' .

e importance to anyone interested in readin3, for
’ »

.

T'ne'uurd-/fetter effect. In eddition to a difFErence between uord.,
i
1
!
i
'

L
effeet s ?I consuferq

1: atgues strongby aghinst a letter-by-lgtter approach (as Brewer, 1972,

/

]{ointed out in’his criti.e‘ism of Goagh' s, 1972 contrOVersxal letter-by-letter

mdel) The ud"d *Ietter effccc,h;s fiow been demonstrated in numerous sophis- \

l

t.icated patad‘igns (r.stes 1975; Johnson, 1975 Johnston & McClelland, 1973;

Ubeeler, 1270), though .there is stil! scne uncertainty about the condi;ions

(]
ed to produce it (Johnston & ‘Icclelland 1973; Mezrich, 1973).
F ) L

We have tlassified the word-letter effect separately from the preceding:,

factors because of -our uncrtainty about what the_ present effect is due to.

\

"It seems un]:ikely that the uord-lecter difference can be reduced to 2 word- )
-
ness £actor, A and I are words as well as letters, yet both can be better ‘

perceived vhen embedded in a vord than When presented alone (Vheeler, 19%0)

It is possible that the effect is somehow due to orthographic structure, but

thil is difficulw™o detemine without a complete list of orr.hog!aphic tules. .
V4 o ‘
S. Task ‘factors. Thas far we have considered only srructural or stinu-

lus effects. I: turns» out, hovever, that all of “these effecr.s my depend
oa the reader trying to interpret letter strings at the level of letter

groups and wvords. l"or when the reader s given a task that, induces him to

- .
interpret letter strings at the level of features, all of ‘our structural

effects simply disappear (Estes, 1975). ] ' o
m gs illustrate this lnterac'tion of task and structurc. Tho:zpson
lnd Hassaro (1973) studied the vord-letter effeét in-a paradign uhere ghe -~

lmt wotds APE, ARE, EE, .md ACE, and the four letters P, R, D, and C, were ‘

o




f ’ repeated hundreds of'times. Thus the only thing that really varied was -

whether aP, D, R, or C oc urred, alone or in a word, and subjects were

‘ ,‘ - aware of thxs. U‘ndg thesp circumstances, it ‘seems 1ikely that subjects
/

»

restricted their (nterpretatxons to the fcqures of the critical- Ictt?és,
¢ !

and sure enéugh Eﬁere was no longer any _dxfferenoe _between the perc?tiybility

of words and 1ettersu. In like' manner, the difference betveen wordé and
N /

unstructured n_on‘-rords can also be eliminated (e - Bjork ‘& Este’s, 1973;°

-

-

Massaro, 1973). T , .
Ve think th;.s set of studies has sogething important to Say about the ‘
nature of skilled reading. The reade*r seems to have renmarkable f-le.xibility
" even in some of the inltial stages of the reading -process. - Spec1fu:,ally,
- the reader seet'ns capable of - varylag hi.s lewel of interpretation-so as to fit ¢
. task ;iennds. We also know from other sources that the later stages of
reading are charatterized by flex}’biuty (e g-» H.istler-Lae}man 1972)

" In fact, the only stagg of the reading process that does not seem to be very -
» ' R
~ amenable to change is the first one, Feature Extraction (see, €.8., ‘Shiffrin

. & Geisler, 1973). The general picture of 'a‘ skilled reader that emerges is

7 )

o . ’ :
. of one'who can readily ‘alter most of his processing to fit the situation.

B. “Theoretical Explanations 0

1. Overvicw. Ue knd¥, then, that orthographic regularity and vordness

can facilitate perception, that “words are even more perceptible than thei.r

constttueﬁt letters, and that all three ﬁf these effects prise wvhenever the

\

reader is operati.ng ot' a level higher than that oE lettcr apdlysis. The

b V4 14,
T problen is how to account £or tt;ese effects io the context of the general
i,
model we presented earlier. - .

‘ . There has bect no| shortage of explanatiqns‘ to account for some of thd

H - .
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effccts we-described, but ft is not our intention to revitw all proposed

v

* explanafions. (For an atte=pt to do go, see Smifh\& Spoehr, 1974.) Rather,

. we will focus on one class of explanations that scems to us to be quite

* P
. .

prox sing. The tyﬁe we have in mind assumed tha't the effects, of sinterest

are/ all due to ther reader interprcting lettex strings in terdfs of culti-,
& . .
ldtter units. Thus, wvhile any lettefr String ¢ad always be intgrpreted in '

erms of single letter wmnits,- structured nonwords can also be’ intérpreted

in terms of letter-groyp units, while words can further be’ interpreted in

terms of word units. This idea derives from Frank Smith's (1971) conception

of readiné. But we will have to go beyond Smlch S theory, for his work was
~

done before soze of the findmgof interest had been di’tovered. What we

"3

vill dofhtherefore, is combine some of Smith's ideaa(vith recent notions of

LaBerge and Samuels (1976), Estes (1975), and Travers (personal communica-

o tion, 1974), and sketch a detailed accowypt of the lnterpretation stage.,

i Our sketch should be treated as a kind of podal model for the class of cur-

. Qrotation sr.age of the general model we presented earlier. i'ro emphasize

-

-

e

rent explanations that,empha§ize'mu1g}1etter unith of interpretatian.

2. The Modal model. Figure,2 contains our account of the Interpretation

>

.

N Insert Figure 2 about here
. {Q' -

stage. It 1& an attempt to lill in soce of the'mis§1ng details in the Inter-

this, che Feature Extraction and Lexical Access stages are also indlcated

[}

in :hc figure.) ‘

»

Ihe Modal model posits four distinct lpvels or units of interpretqtifn,

s ‘ . ‘ 18 o - ) N "..
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‘ ' ' features (symbolized as F;), letters (Lj), letter groups (LCk), and words

-

(Ul\. Each unit has only one fuaction: to detect the visual information
that defincs it. Let's.take some examples. A possi:)le feature unit might - -
be defined by an upright linen and it would be activated whenever such a

Iine was detected in the input. <A possible letter unit could corrcspond to

é

and it would be activatcd wvhenever all of the features udits that define " <

31

- ) it are activated.. A le:ter-,g:oup unit might be oL a.nd it would be t.rviggered
by. either the feature units or the letter units that define it. I-'inally,

‘ pa;sible word undt could be BLAST, and i} would be acuvated by its defm(fg ;{
1 4

feature units, letter unit,s, or letter-group units. .

e . lote that in the abo've emples, information may‘l‘flow in one of two -
- |
cays. Pirst information may move sequenr.ially through~the hierarchy of
'/ - -~ ‘3

. p units, with feature units activating letter units, vhich in turn trigger ,
letter-group units, whicl then activate word units. ‘rhus the actyvation of
letter groups and words is mediated by the prior activat{on of letter units.

~ Sach ﬁediated activation is found in the recent nodels of Estes (1975),

Lnlerge and Samuels (1974), and Hassaro (1975) Second, inforctation nmay
~ ¢ : ‘flow eirectly between units that differ by more than one level. ‘l’hus fea- - .

ture units may directly activate letter-group or word units, and similarly

) ’ ht’t’er units may directly trigger units corresponding tq /

-

. X
vords Here we have cases of nonsediated activ:'ﬁion, an idea*®orrowed

from Saith (X971) that is also part of the LaBerge and .Samuels (19%4) model.
[ .

lotil types of information flow!presumably go on concurrently, ard vhenever

utivatidn of some unit passes a critical level that unit becopes a pos-

. f;~

* 13

". . ublo intitputation of the input or of darct of tbe input.

. There is one mre_éritical assumption. Following Estes (1975), ve

1




] ©
, 184
. 5
i assqme the actual taZR 3 subject is asked to perfora (inciuding the imstruc= | ~
-~ N ' : : . '
tions) ‘presets ccrtain levels of units, and that activation at these levels. . . ' )
[ ] - - . v_'

’ uill ultinately deterx:un

'tupposedly lead to presetting the letter-group or word level.

. consider’why a regular conscnant cluster, li e initial TH, is more petceptit:le

the subject's responses in the tas'z:. A task in

'vhich the subject need on y discrmmate a.:wn, a few altemative letters dould
’ . ’
p;‘esmably lead to presetting of the feature or letter level, while one that

~
requires the subject to perceive many-different sttuctured pa:terns uould

-

. \ 'l
This nodel appears to be consistent wi th all the findings we x:entioned

ea'rlier., Let's start with the orthography effect. - To ;gep things simple, just

;han an irregular one, like initial HT, wlcen the’ sub)ect is preset to intexxpret
letter stri-n;,s at one of the higher Jevels. Our ::e..el offers {wo reasons for
this difference, and both follow from the noziom that TH is probably one of
the reader s letter-group ‘units. First, when the 1n¥on—.ation flow is sequeatia‘“
or ‘mediited, the activation will terminate at the TH unit for the regular con- ,
sonant cluster but at the H and T units for the irregular clusters; thus%
4nformation about the order of the two letters will be available for gbe regular
e]n.ster but net for thg' irregular one (Estes, 1975). Second,‘whe’n {nforma-~

tionr flows directly» fro;a features to legter groups, both features and letter

uniu may activate TH while only featx';r.cs' can activite t-hc'ﬁ and T units that :
define HT. Thus TH will be more perceptible th:m B hecause the former has more
.ources of activation. (It should also be, noced ubat the features that define

— -~ . A'—‘JM'

letter-groups like 'm my be redund.mt, “and consequently fcuer fcatures may be

L.

leoded to activate the o unit than’ to trigger eitber the T or wfE.y 7 T 7]

.

.
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'stinuli have access to'lettet grouﬁuand word units as w\Il as letter units,

.8 stance on threc'iajér issues.. Let us spell them out s0 one can get an idea’

185 -

e
-*

. B . -

’

These same two reasons will also account for more complex cases of the

orthographic effect; all that muse ‘be assumed is that orthographically
. g ; ' .
regular strings are more likely to contain leftgr groups that correspond

¢
» v
——

to ex;stent units fhan do irregulag str}ﬁ§s¢ . ‘

'Tye wordness effect is e%blained in similar fashiorf. This effect

N ) 4
. would be due to the role of word units in the Interpretation stage. The

.existence of such units meaas that any string that forms a word will have

- »
access to an additional Interpretation-unit than a cooparable nonword. Hente
the two reasons we just discussed can be invoked again,'this time to expiaig

A ] .
the perceptual superiority of words over cocparably structured nonwords. The

same type of &planation also holds for.the word-letter effect. Here word

while 1ndividual letter stizuli must suffice with just letter units.

Finally, sin;e all of our explanations depeqd on tgf activation of lettdr- X
group and ﬁ?&ﬂ unit;, it follows that the effects in quesiion sbéuld dis- ‘ ' f-’4
appear ﬁhég the subject 1s preset to rcsponéiat. the feature level. -

3. 'Iggégg. Ix formulating the above model we have been forced to take
of what some altermative formulations might look like. ‘ '

The first isshc cbncerné the distinction between mediated and nonmed-
{ated pr;cessea fh the 1nterpretat19q,6f let;er stri;gs. .In the Modal model
we alloved both.types of processes, as the reader could elther go’t$rough
lcttcrt oh.his ;éy to words or move directly from fca:nrbs to Uords. .Ia

lnhing this assunption, we line up with LaBerge and Samuels (1974) aand Suith

(1971) vho also permit nontediatcd ptoocqsing. But oéﬂcr.foruulatlons are

possible, as both Estes (1975) and Massaro (1975) have proposed Viable models
. ‘ . g .




[

.

)
a

" that permit oﬁiy n;diated processigﬁ. Coﬁ;ider in p;rticular the Estes '

! ‘.

formulation. It looks very much like the one in Figure ’2, except that in- . 1
|
|
|

) formation can only flow'sequchtially‘. Th%grthjgraphic and vord-lcéter

effects arise because. structured nonwords and words eventnally gain access

X to multi-letter units that supply positional information. .Thus this model .
o holds ‘that all the beneficial effects of structure-on letter-string percep-

tion are due to the. reader's gain in- information about fhe order of letters,

and not to any gait; in 1n‘:formation about the id?ntity of letters.

A seéoud issue is on‘e we mentioned earlie;: top—down vg. bottoa—up
pmgssing. The Modal model invokes ox;ly bottoz-up processes', and this 1is
m; of msr. cnrit_ mddéls of word perception. However, it may well be

poss':lble to constmctda’n&del that uses top-down injocesses to account for the

structural effects ve are concerned vith. 'While no detailed account of such

a model has been published as far as ve know, there aré some leads in the ’

. literature. Thus one , of .Wheeler's ,(197’0) explanations of the vord-letter

effect involved a tol'a-down process. When a word is presented, some of ﬂ,te' -
/ features extracted ua§ Léad to a fev tentative interpretations of the input. ‘
These can then be used’tt.; access tt;e lexicon_and érri‘e at a set of lexical

andidates, these in turm w:lll direct subsequent Eeature extractioa so as

to -axiaizg\iscrimination among the lexical candidates. When a single
A\
.letter is preseated, no suc$ top~down’ process can be used. Hence‘,ingle

htters villnof be perceived as well as vords. A ain_ilat explanation could

. . I _ .
be devised for the wordness effect. - .
1
* - * i
. - |
r ‘ LY ¥ . 4j
! . |
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What-is the likelihood that theerists will be ablg to model the Iaterp-

retation stage vithout reqourse to top-dOWn processes’ Very low; we thihk.

- For though we were able to get by without suzh proccsqes in the Modal model
] ’ ' R
we were concerned only =%ith structural ecffects.

. .
=—o£*37ntacttc -and, semaritic context-im a later scction of this paper,‘ve

< i

vill be forced to consxdet some top—down prdtesses. . |
the last issue of interest is one ue”ve'qét mentioned f;;e. Our

edge is built into his units of interﬁtetation, rather than in his actual

use of Yules. But thihgs could be btﬁervise. For example, in Massado's

(1975) model, the reader presunably makes dynamic use of a seﬁ of orthographic

This issue of fixed udits-ws. dynamic

P4

-

rules to aid his ieterptetations:
rpies has been‘rai;ed by Baron (1976) and Massaro (1975), and we thinmk it
an inportaht ene for theoretical and iﬂstructi;pal approaches to reading.

One way to get some insiégts intg‘thi§ issue is to consider some related

work. While we are, concerned with how skilled rcaders perceive familiar

inputs, cnhse-and Simen {1974) have tackled an equlvalent proﬁié& ih chess. -

They hsked, uﬂgt_is it a chess uasteg’knows that allows -him to.perceive

////f\,,reguIAr chess pattern better than an - irregular one? Their research sug-
ge

\\J .
sts that .this ability is mediated by units corrcspShding to tegular chess

K

‘»patterns, ‘rather than to the dynanic application of Yulcs that generate per-

'b

-issabie pnttcrns. This ratses the credibility of the unit apptaach to

word .perception. ke _get a diffeteat message, however, if ve* look at the

A J

research on speech perception. Ce;;)der the finding that adult speakers

*. ecan petceive a string of ‘words better if it follows the syntactic styucture ‘
: . y - of English (e.g., Miller & Isard, 1963). No one has ever seriously. suggested
. “. that naftery here depends'on fixed &nite, since there are just too.many

~—— : . R -
23

[

When we turg to the effects,-

Modal model, as well as cany others, .assumes the réader's orthoéragﬁic kpowl-
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units involved. Rather, mastery in“this case presumably depends on the N

a- ®
dynamic. application of rules. What kinds-of rules, though, is another
matter. Many researchers now belteve. th"'!t the rulessare really heuristic

s}.rategie; and not algorithms (e.g., 'Bever, 1970;' Clark & Clark, in press,

Chapter 5). . It thus seexms :ha%there are successful precedents for taking .

-

A Overview

either a unit or a rule approach to the use of orthographic structure ia .

1

redding, though if one ,faz?rs the latter it might prove profitable ‘to look

L}

at heuristic strategies. :

»

One final point about thig business of units vs. rules. It may be
tbat people use both units ay{rules though some rely)more on units while

others depend more on rules. Baron and Strawson (1976) have proposed

such an.icdiv,idualv difference.in reading s:r;tsz have offered some

nicé experimental support for it. ’l'h-,is kind of individual difference should

b; of interest to reading researchers, since it carries with it the sugges- .

tion that there's more than dne way to inte:jnalize‘the o::thography.

- - ' .y

-+ 4 III, LEXICAL INDICES

J

~ 1]
.

*=1In our mdel the Interpretation and Lexical At;cess stages are closely

hterrelaced with the output from the former serving as the input to the

’

latter. However, as mentioned earlier, it may be the case that the/output of

-

lqterpretation is not in the proper format to be used as an :lnput:ta the -

lexicon--sone aocg.of transformation may first be necessary. \In order ‘to

daternine whether such a transformation is neceasary, we will consider what

-

1s known about the nature of lexical indices, Two possibilities will be con~-

..idered. One is that lexical fndices are represented in some sort of speech

code, This would require lthe additiqn of a speech recoding stage between .
A

fnterpretation and ’Leiic'ai\Acceu. The second

) 24 ) ~
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sessary for La:er siage; in the/reading process.

. symbols. than' orthographic ones (Kleiman, 1975).

" 4n regard to- this possibillty.

. geading.

189

. L J . :
possibility is th1i//;ﬁtsal(if?{ce9 are rcprese"ted in 2n othropraphic

code. 1f this is the case, the output of Interpretation can directly

- ’

ptovide the inpuc to Lexical Access.

Before looking at the experimental evidence, we would like to be cer-
-The view that speech

»

tain that there is no confusion on- one 1mportanc point.
/

recoding is unnecessary for Lexical Access does not,imply it 1is also unnec-

ro; example, it’may be

[ 4

- .l P ' ‘ .
" essential to recode words to speech pricr to the Workinz -Memory stage, ¢

-~

beeause:the temporaty'store needed during this sfagevmiéﬁe hold hdre speech
Since we are focusing on’}: .
.the early, steges of the rea&ing pfbbess, we gill'notwcoﬂsider the evi@enee
'%aéhér, ;e will .only consider evidence from

.

¢xperinental tasks we beliéve tap the Lexical Access stage° f.e., those

studies that require subjects to retrieve information about individual words.

A

As always, there is more relevant literature -than

B. Critical Findings.

cin‘be revieved here, so we will be gselective (for a more detdiled review,

see Kleiman, 1975), There is a set of:§fudies that have peen interpreted

. as showing that 5peebh recoding'occurquegﬁfe lexical access in skilled - .

In one such study, Rubens;eih Lewis and Rubenstgin (1971)

found that when.suhgeczs are asked to decide if a visually presented string of

letters forms a uord (a lexical decision taqk) reaction tIMe ﬁs affected by |
*

the phonemic properties.of the letter stctng;~ For iﬁstance, nonwords that

-——

would be pronounced like English words (e.)., bruna) take longer to reject

than other pronounceable nonwords,

A Y

as shoving that speech-reébding occurs before lexical access. Meyer,

\

Schvaneveldt and Ruddy (1974a) came

sl :355 |

.

Rubenstein et al.. interpret this finding ‘
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< ’ .
° to the same conclusion on the basis of experiments.showing that reaction
-

time to decide that two strings qf visually presenbed letters both form

words is affected by the phonenic.similarity oﬁ the words even when ortho-

- .

graphic similarity is controllcd. For example, subjects could decide about 4
two phonemically similar words (e £y bribe-tribe) faster than two-phonemic-
- I 4

~ally dissimilar words (e Zes couch-touch) ] | o ,

-

Ue do not find these e'peri"nrds cwnvincino. p0ften-there is a crucial

prbblem in that the manipulated phonemic variables may be confounded with™

A

i o ' orthographic variables (Gibson, Shurcliff, & Yonas, 1970 Meyer' & Ruddy, 1973)
Also, sore of-these studies may'have biased.subjects towards using a re=

4
coding strategy (see Kleiman, 1975, for further discussion of why these ex~ °

periments are not convincing). We dd not doubt that skilled readers can
.4 EORE
A

recode written words to their spoken equivalents aod will do so under certain

le ’ circumstances. The more ihteresting question is whether they are capable of
lexical access uithout recoding. We will describe several studies fhat con-
iﬂnce Js that lexical access withodt recoding is feagible. It is interesting
to mote that ‘the studbes supporting recoding generally use tasks that su‘!ects

| can do witbou!\retrievfbg the ﬁeaniﬁgs of the gg;ds, uhile those that show
| - ¢
| recoding 1is ‘not neceSSary use tasks requiring the use of word mbanings.

AT
Baron (1973) reports two experiments of intcrest. In one, he timed

} P

subjects while they derided whether or not short vritten phrasee'uaie sense.
e .

The crucial compafison was be:ueen two fypes of phrases that did not make -

? . sense uben read: those tha: would have made sense if pronounced (esBes
y ‘\ 1] M

peace of pie, my knew car), and those that uould'not'(e g., pie pod, pur_no

car). If subjects recodo to, speech befnre deciding vhether the phrase makes

PR B s
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. the basis of visual .information.
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-

sense, they should have taken longer on.the pease of pie phrases because
A

they would .have to chech the spelling in addxtxon.\o the sound. 'The results
" 4

shoved, houever, there was no diffcrence in the time needed to decide about

the two types of phrases, although there was a significant difference in .

~ ’ \ £l .

In his second experiment, Baron asked subjects to decide 1if the
- ‘ A T - -

‘written phrases would sound sensible if pronounced

error r3tes.

Here the crucial com— 1

those that

—
are also sensio e when read (e.g., peace treatv) and those that are.not (e.g...

. L SO
parison was between two ‘types of phrases that sound sensible:

peace of pie). If recodioé to speech ‘always océuts before the decision, the
\ 3

t.-e to decide about these two types of phrases should bé equal.

*

phrases like peace of pie took longer to ddtide on. Tberefore it seems that .

&

In face,

J

‘recoding to Speech 1s not necessasy. " o ' ‘
Kleiman “(1975) has also. shown that col\eEe"readers can retrieve infoma-
tiou about individual words without speech recoding. Subjects were timed

uhile they made three different decisions about pairs of visually presented

wozds. .I"or some pairs, subjects decided whether the two words were spelled

>~

alikey after the first_letter. The words never sounded alike (e.g., lemon®
sad- d;emon;h are spelled alike), so thet subject§ had to make this decisiotf 'on
For other pairs, subjects decided whether
the two vords rhymed. Here, in b_ot‘h the rhyming and no&rh);ming pairs, the

words were spelled alike (e.g., 'blame-flame vs. lenon-denon), tberehy forc-.

"4ng tubjects to recode to s‘peech before naking theit decisions. For the

‘Teaainng patrs, subjects Aeciﬁ uhether :@imds vere synonyms. Since

this task requires mformtm about the ne:mtngs of individual words, it

m amud to tap the processes of lcxicy. access. Each subject performed

- - - »

) v

- L 27 .
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the s_p;lling, thyming and —synon&my dec}siou-‘buch with and.'without a concur—
reat interfercncg task. This task consisted of rcpeating digits that were
presegted rapidly and was destigned to dismerecodipg to spee,cfh. The
measure of interest ‘uas ‘the effect of this interference task, on the :hTe
decisions. Since the‘sp;lling.decision doesn't require recoding, it should
' Dot shcw a large interference effect. Sind\e the rhyming decision requires .
re'coding', it should sho.v': a ia;ée interference effect. What about the synonymy
decision? If recoding is required, this decision should show a larée inter-
ference effect, ‘comparable to :h;: on the rhyming decision. If :hé‘syn;:iymy
decisio;l does no_t‘require recoding, it should show a small interference
effect, comparable to that on the spelling decision. The rssults clearly
tui:port:l this second predicti;n-both ihe spelling and syronymy decisions
show a small interfereace effect, while the rhyming decision shows a wu.ch
hrgeme. . " .
"issue ve have been discussing bears ‘some relationship to the classic
pbOnics ‘method vs. sig;\t method debate in :eaching reading. However, we
do not thisk that any implications for teaching can be drawn directly from..
our conclusion'that speéch recoding is notuc‘essary before lexical access e
ia nkilled reading. It seems qui;‘.é possible that although skilled readers
:ay not use recodmg,te:chiug a :ecoding strategy could be a good beginning.
One reason why implications "cannot be dram directly froa studies of skilled
tccdins to -er.hods of tcaching reading is that -the child sqexlcon night be
organized differcntly than the aJult s. Chomsky (1970) suggests thac the .
" ehild's lcxtcm is otg:mizcd phonetically, and that with development. it is
reorganized to code‘he sinil’aritieu in meanings of related words. For

mh, ourage and courageous may be totally separate lexical entries for_ \ .

5

c - - - 8
- - -
.
.
.
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" the child, but bo;h may be derived from a single lexical entry for the adult.
Chomsky's proposal is very speculative at this point, so we don't wish to '

. i pg!hg;t too far. Houe_ver, the possibiiityac;f funddmental diftfetenqss betueen .‘
-4 " children's and adul_t's dinguistic kn?ml'edge must be considered before draw—

ing implications for instructional procedures from studies of ‘skilled

readers. T . Py .®

v

Iv. CONTEXT EFFEC’IS IN T'df. INITIAL PROCESSES Of READING

i s a

So far our discusion, of the processes involved in reading has been
a.lnos: entirely bottom-up. In this section we will look ndre closely at
v . the need to include top-down processing in our model of reading. Mote

specifically, we will coasider the effects of preceding syntactic and sendh-

tic context on word perception, where these effects seem to arise because

. of a top—do(;rocess. psychological litera;m;contains quite a 'fev

democnstrations of such“@ontext effects. Some of thege (e.g., Kolers/, 1970;

_Goodnan 1969) show that certaj.n types of errors that are corrmon in oral .

=

zeading can be 4ccouﬂ€’e§or only if previous context is considered. This

. . -~
18 true even with oral réading in the first grade (Weber, 1970). Othere

. studies have demonstrated that the size of the perceptual span or effective
wisual field depends'partly upon characteristics of the preceding context
m:;:u, 1974). Hovever, our model of reading does not address either oral

. ] reading or the perceptual span. He once again plcad a divisinn of labor and

{

ii-it our discussion to the effects of context on the Extractioa, Igterpre-

tation and Lexical Access stages. -

\

Let us first look at two representative experinents that demonstrate
‘ ' faciliuting effect of context on proceasing individual words. One of

these is by Morton (1964). He measured the threshold to rec_ognize a word

.
g

]
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ptesente@ alohg and compared it to the tﬁreshold for the same word presented
after a context. His results showed that context.reduces recognition thresh-

old, and the amount thréshold is reduced dppends on how highly expected

) the wo:d {s vhen the context is given. For ex2 ample, the context The cup

place& on the reduces the threshold for table a great deal, since

table is highly expected‘. ‘Ihe Bame-contexc also reduces the threshold _ﬁgr
_Sit;(:ﬁ, but not as uuc%;, since saucger is not as highly expected. WNote that
ﬁhig reduction is ofl ,the_ pean threshold fdr sets of subj'ects, so that it is
poss_ibl’e that the effect is specific to the one most expected word, but that

this word differs for differet}ysubjects.

. The sécoqd expericent is by Meyer, Schanevéldc & Ruddy (1974b). They

. measured zea(.ion time while subjects determined whether or not strings of -

letters f&med words. - Each trial consisted of two gsuccessive decisions,

with the second letter string presented immediately after the first decision.
y : .

Ve, need only consider tha cases where both strings of letters formed words.

\

neyer et al., varied the senantic relauonshxp betwveen the two words,.so

that £or some’ ‘trials they wvere highly related (e.g., bread-butter, doctor-

me) uh.lle for others they were uurelated (bread-rurse, doctor-butter).

. .

" The iindina of intetest::is that teaction tice for the second word {is lesl

‘ vbw it is mantically related to the ms? than ¢hen it is not.~/‘l:ha: 13,

. «
context of = semantically related wbrd facilitates the decision.
Ioth of these s:udies show a context effect on the early stages of the -

uadh; process, 4nd other studies document the consistency of this effec:

(c.g., Tulving 5 Gold, 1963. Tulving, Maundler, & Baumel, 1964; Heyer &

. Schvaneweldt, 1971). The-issle is how to account for theae results. There

/ . » . ‘

3 30 .

.

is some agresment on the broad outlines of an aﬁm-ti'on. A preceding
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. context, like The cup vas -placed on the , somehow activates the meAning(s)

of the possible next word, and this activated meaning then provides another

‘sourcCe of 1nfomation to be u.scc! durm" “the rcco":utio-x of the nc~'t uord.

K glance at Figute 1 will show that we are no.: talking about infomation

9
fro- the higher stages combining with infomation fro'.:x ‘the lower stages.

Thfs is top—-down processing pkr Excellence, and- it sqens to be a useful

L]

startiang point for thinking about:the context effect. ) \ )
‘Beyond this outline, there is little agreement on how context work3:]

Boughly, there are two types of theorics. of the comntext effec't, correspond;'

-
.

-

ing to what researchgrs have called passive and active models. The passive

models are probaﬁ_ly the better 'develope'd, aqd' these include the theories
» .
of Collins and JLoftus (1975), Morton (1969), and Schvaneveldt and Meyer (1973).
: - , N 4
]
Let's take the Schyaneveldt and Meyer formulation as an example of this

.’ | cl!u, Qotﬂsi.derifirs't ‘the case where only two words are involved, with one

- . being the context vofd and the other the test word. When the contéxt word

.

is recognized, 1ts leiical representation will be activated, ﬂ;ﬂ this activa-
\ ~ .

-i . tion then spreads-to the lexical.representatiorfof related words. If the
tut word 1is one' of these, it will be partia.lly activated and so require less
- ‘ . .

. processing at the lover levels. Hence the beneficial effcct of context on

"marly processing. In the more interesting case whege the context involves

. . I 4 . -
F enti't'e phrase, the phrase would now become the souvce of activation, an:l

‘ this activatlon vould prcsunably spread to all words semntically re}ated

h g . .
¥ ) uthcphrauuawhole. N

N

In contrast, active models (e.g., Norman & Bobrow, 1975) assume that

coantext plays a more selective role. Herc, coatext ‘supposedly sets up some

._ specific, lexical or semaft ic expectancies, 'whic"then selectively guide

W
o
-
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processing at the ldwer Yevels. For example, the expectancy of a particu- ° ‘

lar lexical item might lead to i’selective examination of features that would

. tend to confirm it. This is quite similar to the top-down interpretations

we have nentioned earlier, ’

‘ One- es:,ential difference be..ween passive and active rzodefs thus concerns
- S

' the range of wbrds uhose perceptiorx can be facilitated by a particular con-

text; for passive mdels this range includes all words semantically related

to the context, ‘hile for active models this range is restricted to a fev\'

= 1Y

cpecific expecta.ncies.' Another difference betveen the two types of models N
4 ' concerns the interaetiou between contextual and perceptual inform tion. In
T a passive @odel, both sources of information sL.ply feed into a co::.w.on point
. (say the lexical representation of a vord), and in no way does the contextual

o information directly affect the quality or quantity of perceptual information.

' v .o ’ - .

Ihat s wihy, they call it passive. I'n an active model, tbe context can agtually
“ 5

. deternine wvhat percepmak%mation the reader should look for.
So vhat does all this have to do with reading instruction? Unfortunatelfy,g
at the pres at tine. very little.” We don t see any possibility of instructional
: "Irints being derived from the work that is currently available, chiefly
because so little expprieental work has been done. We have included this
section - because we expect a great deal of attention to be directed to the

effects of context in the next few years. More detailed infomation on how

skilled readers use c‘onte:':t should therd provide ‘hint's a's to what we should

try to teach childcen about the use of coantext in rcading words.

. , - v.m,i

' Ve bqp by argui.ns for ¥ infomtion-procening appxoach to reading. : .

z ' Hc then roposed a gendal infomtion-processing model for ndult, skilled '

H i N

&
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) . : L S .
’-‘ - ** reading that included that stages of Feature Extraction, Interpretationm,

A

4 \

‘ . rd . N
lexical ‘Access, ¥orking Memory and Integration. Of these stages, we focused

on Inéerpretagion and- Lexical Ac.cess, and‘disc:ussed some of the issues that
T . e .
have arisen.in the study of these stages, namely units of Interpretation,.

e el L} -

> » speech recoding and lex;ical indices, and confext effects. In the course of
our discussion, w_e‘re able to £111 in spme ol the details about the mech-

anisms underlying these stages, but .of ¢course much remains to be done.

’
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. : Figure Captions . _ *'

.

. figure 1. An Information-Processing Model of Skilled Reading

y

é"’?igute 2, «A Mult\y-Unit Model of the Interpretation Stage.
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Footnotes

-

lthis research vas supported by U.S." Public Health Service Grant

' MB-19705. The second author is now at;the Ugjversity of -Il1linois at,

Urbana-Chaspaign. ' . .

sze .fact that wordness facilitates perception su.‘gests a further
‘pouibility. Perhaps thﬁe accessibility or frequenc’ of a word also has-
an effect,‘such that more frequent words ard more perceptible .tha-n l_es:
freque;:t ones. Recent studie: | ever, - have ylelded little support for -

’-

this suggestion (see in particulir Manelis, 1974; see also Theios, 1975).
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OPEN DISCUSSION OF E. SMITH PRESENTATION
GLASER: Ed, you 'seeu to treat the distinection bétween th? fixed and' dyna.uiic }xse
" of rules as a dicﬁotomy. It seems to me a;ibst a developmental feature of
something. that happens in instruction. ‘Copsider « chess master, for example. 1
. supoose that he gperates on the basis of sinple rules, but eventlally he also
dgvelops the capability to see whole patterna, he develops, a bigger and sore

ec-plex vocabulary. Is that fixed application of rules or dynauic application of

rules, or 18 it just ability to’ apply simple rules in bigger rule systems?

%
E. SMITH: 1 gueés if you look at it at some 1level, it may disappear as a’
dichotomy, but theré‘ may be some reasons to maintain a dichotomy. Take the c‘hesa
work, for ;gaple. As I‘x'mderstand it, the notion Chase and Simon have come out
with is that one reason a chess master is superior to a novice is that he has
perceptual or memory ynits that correspond to .large patterns. . It is the sa:;e
point that ‘I am tr7ing to make: ghs a result of your familiarity with the -
language, you build up theae large visual units. u:g if you: get down to a “
detailed enmgh level--suppose you are” tryirs\/ﬁ-tu & computer progra- to
mimic some aspect of reading--the two ideas are going to look terribly different.
In the case of this unit idea, you are going to ?tick in the possibilities of

units, large upits, like a whole word, that can be matched to ‘incoming features.

If you believe in the dynamic application of rules, you are going to have to do
1t very differently. iou\m going to bave ‘to take in the features, and
somevbere . yoti-‘_’ll;avc to ut‘.*up all of the rules you are going to use. You are
going to h;o to see what features you have and apply a certain rule to see if

that will help you. I am saying that if you get molecular enough, the processes

oertainly do differ. ) -
) 209
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- Chinese. You cannot prove this on the basis of only a couple of experiments, but
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-

The second source of evidence for this is a paper by John Barron, whoc has ‘

‘ :

. got some nice evidence for two kinds of adult readers. One group is extrenel&

—1nf1uenced by the regularity of words, when they have to pronounce thenm. These
people really seem to be. responding to details .of the ortbograpby. People in the
other group don't sbow that kind of difference; .they seem to be reading in terms

of Jlarge units. The tirst group is like the Phoenicians and the second like the

Barron has got convergent evidence that there are really tbese two types of
readers. I think if we can show this at the  level of individual differences
among skilled readers, then' it mignt become important for the kinds of tbings

\people at ‘these conferences are concerned with. v
|3 ’ ) hd . . -

B =

-
¥

I

PERFETTI: 1 wonder if the conelusion about phonetic decoding would be modified, ‘
if you .ran a visual task that was analogous to the spelling task; i.e., some

" task that doesn't involve graphemes. If you found essentially zerq interference,

E }
instead of 100, would you then want to conclude that there is even some grapheaic

- decoding in the spelling and the reading tasks?

E. sam'a Can you come up'with some kind of task?

- - - r

v

‘ - ) -
PERFETTI: Lines and angles; something that is gecmetric.
A . N ] . ,
/

KLEIMAR: - Tbcre is some 1ndependent evidence that you not using some sort of

Mdoeodingintbespeluxumk. - VA

[y

E. SMITH: In the spelung task, it doesn't matter whether you present .
L-Mm or blame-flage. Eh.n:\iéya sound alike, whereas inj.nszn_dnm.
&v 46 * '~h
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. ‘ &

there is a sound change, but both of them take the same amount of time in  the
~ 8pelling task. 1f people were really using any kinci oﬁ speech to’ do the spelling
task, you would expect them to be faster with words that sogd alike, but they

are not. So (0lénn is right; -there is very little speech going on in the
\ .

spelling test. But you are right, too. If you can ‘come up with a task that

shows zero, it would be a better plan. _ .

LIBERMAN: Do you dnow the Erickson, Mattingly,.-Turvey study?

E. SMITH: Not off hand.

~
R
~

LIBERMAN: It's a study of errors of readers of Japanese kanji. The Ettem . of
L ) -

. Z .
' errors led to the conclusion that the subject's tended to reco?e phonetically even

though the kanji characters represent meanings c\irectly, not the phosology of the

language. , \ . .
Q‘ "' .

E. SMITH: What was the task ipvolved in that?

w

LIBERMAN: I can't reaeaber the exact procedure.

h ]

E. SMITE: That's kind of critical to thesargument 1 am making.

-

LIBM ‘l'ho‘ubjecta tended not to confuse words that had optically similap

* kanji, or those with similar meanings, but rather, the errors tended to res.enble

>

the target words phonetically, as, for example, to be rhymes with the semantic

representations of the targei words.
. {.
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4
v

s 1o ' — @
E. SMITH: 1 can't say more, unless I know what the task is. If it's a meaory

v

J 2
task, I am not surprised. * ‘ &

(.

et

- ]I think this issue, ccucept.ually,~ is really quite subtle. ’ff‘or . ample, it - |

: may well be that a skilled reader can gain visual access to the lexicon; "that d

. . re . M . . -
- /fg-o-—tm a wisual pattern to ‘the 1lexicon. Supyose once he gets to the ;j

= lexicon, ‘in addition to gettipg to tMe meaning, he gets the pronunciation. That
would still show that you can get visual access to thé lexicon. You ecan say,
'kea't we quibbling here? 1s this distizﬁction between visual and acoustic

important in any way?” I thihk it is, because under this schene,‘ vhere. you get

-visual access to the lexicon and get the sound, you can store the sound in the
lexicon. You don't have to go through spelling-sownd rules. And I think that
. maybe ibe' critical 4{ssue here is: Do you have to go through spezlling-t.o-somd

correspondence rul:a to get to gm lexicon? " ) .

S Under ‘t.hosc‘ kinds of circumstances, a lot of studies simply become -

- irrelevant to the point, and you can see it becomes extremely difficult wﬂ'

oritical egperiment. - , S

- -
» <

. - ~ ’
RESNICK: ' How relevant is the theoretical point being debated here to the nature ,

of early instruction that would be proposed? . .

L) - - T

’
l’ . . s, -

1f we assume that even a skilled reader goes through a phondmic encoding, it
seems almost self-evident that you tpn to put a lot of IEM on the teaching of
’ that mo encoding process Gomevhere early in the reading process. Suppose;

bowever, that skilled readers do not go through it. Suppose they move more
. . » ’ .
g " directly fros the orthographic information to meaning. , .

-® ( - .
- -
o .-
N —
.

-

» T : ' .
b ~E. SMITH: The first answer t.g.;your'quuuon 1s: How relevant {s all of this to

48 . .
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!
bow you teach early reading?

] “. \
) . ,
RESRICK: You raised it' at the beginning.” It is not a challenge to jyou
specifically; it is~really.a question to the group.

/
7.

Al

"K. SMITH; 1If it's a challenge, I give up immediately. Uncle. I don't think

/it'a relevant. 1 think that in beginning reading, there are a number of reasons

why you want to use some kind of speech coding. The obvious one is that you have‘

the whole léxicon, whatever ydu have of "it, coded id-speech, and you ﬁavgn't yet
. learned how to read. Tbére is some work by Carol Chomsky that suggests that the

lexicon is organized ditte‘tntly for children than for adults. For. children it

o .

K
may be organized phonetically; so that they have to separate the representations -

for gourage and courageous, for exélple, because they sound different.

o

I think that first you have to try to find out it the lexicon is organized

difterently; far . children and adults. If- it 13-.1t it is really organized

«

pHionetically for children, for reasons other than they can't read--there is no
) ‘ '

question that you( hagg to 1let them go through speech coding. There may be a

point in the educatignal process at which you want to introduce ;raining- that

will favor  direct access or visual access of the lexicon, bug I doubt ihatﬁiou

can do it in beginning reading. : ({_

VENEZKY: E4, where do the letter groups come from in your -model? Afe they
. /

L4

¢

" things that people have seen very frequently; qi; they tied to poLition?

E. SMITH: They would have to be tied to position, or it won't work. Things are

. only regular or irregular depending on their position. It would be wbat. you bave

)

joclo to<ix§35t fros yowr:experience with th;Lortbcgr:puy. I don't v, -really,

~
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«

where W comés from. The only issue I was raising is:

. ' mthing froz yo& exp*lence in the orthography, do you represent what you have

-

- extracted as units or as dynanic rules?

1]

* e-‘ )

v . VE!BZ.K!: Does that rule out the possibility of forming letter groups for things

you have never seen bef‘or?e, things that, by some more abstract set of rules,

cpuld very easily occur?

.. - ]

-E. SMITH: I don’t think it does.
, + .

. might be able to make inferences from what we notice about other kinds of units,

OTe we have noticed these kinds of units, we

<
“VENEZKY: *So it's not really a simple mapping from letters into letter groups?

~

L4 -

SMITH: Yes, right. -

VYENEZKY:. -Scnet.'hixg a little more complex?

_B. SMITH:

- bave seen. it may be thai: if you give people situations in which they have to

inference apart from these wunits.

{‘ ]
{[ "7 . the basis of these -units, but on the basis of souﬁu else, some kind ot
is

Doo't you think it is possible to separate out those two hypot.hms,

~

YINEIXY:
ﬂm‘h by loolmg at, bigm "éounts or trigram counts versus .otber

approsches to jegularity? -
g i ' 7 9 B

30

say,

Given that you extract

Perhaps, it really is true that all that is'in .there are units we .

Aecide _if something is orthographically regular, they make their decision, not on,

.




‘ a

s separate it out an} more.

(8

E. SMITH: I thought I could separate things by looking at tt‘ ‘coun/t;. But
/when those ' counts start to get sophisticated, so they are counting hoW often a
. . particular bigram occurs at the third or fourth position of a two syllable word

\i:'erje the syllable bdundar§ splits between four and five, ‘I am not sure you \can

/3

JUST: You indicated that the nature of _the reading process is’ very much i
> - a
task-conditioned. How would you find out what the process is when you are

reading the even.@ng paper? At what level are we p}'ocessing? I expect there is

currently no answver t6 the latter qQuestion.

v,

E. SMITH: It seeas unlikely that you would be Jjust reading the paper and

' ‘looking for particular features. I suspect that the task that you set rfor

<

yourself has to eventuate in deriving neaning, You are not going to try to
interpret . things at a low level. I guess you c?uld give peopile words in context
and ask thea tQ read as if they were reading an evening paper. You could see if
you pick up the same kinds of effects that you piek up in the umrﬁents that I
talked about. I think the interesting part of you;° axuple' bas to do, not with

the level at which we interpret viau’J. units, but with dhe level at which the

.
4

sesantic, syntactic, and pragmatic interpretation is going on; I think there

.
—

would be more flexibility theére.

-

KLAHR: I think you gave up too easily on the issue of skilled »performance and .

~ the way we design instruction. I think that the more of those kinds of exaapies
. . ;

r

'you can give, the better off we are with respect to not making simple-minded task

. mlyug of expert porro'ritncc. As Laur;n has found in her unlysia of the
- -sathematical instruction, it 4is possible to demonstrate that skilled later -
Q .. -
,EMC Lo . 4 .

o1
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performance is patently unteachable to noviceg; However, if we analyze entry ‘

level p;rfomance rather than adult performance we may be able to instruct.

There is a lot of task analysis that aims at too slldlle-d a' level of perfom;nce.
. * . - ~




